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A. SEALING DEVICE FOR TEMPORARILY CLOSING 

A. WELL OR A PIPE 



The present invention relates to a sealing device for temporarily 
closing a well, in particular an oil well, or a pipe. 

Such a device is well known in the technical field of drilling and 
operating oil deposits and is commonly referred to as a "packer". 

It serves to separate two contiguous portions of a well or a pipe from each 
other temporarily, for example in order to perform investigations or repairs 
in one of said portions. 

The invention relates more particularly to such a sealing device that 
is in the form of an inflatable balloon carried by a support for 
inserting in the well or the pipe, the balloon comprising an inflatable 
tubular membrane of circular section with a wall that is leakproof, 
flexible and elastic, and deformable radially outwards under the 
action of the pressure of an internal fluid so as to bear hermetically 
against the wall of the well or the pipe. 

At rest, the diameter of the device and of the membrane is less 
than the diameter of the well or the pipe. 

Once the device has been positioned in the desired zone, the 
membrane is generally inflated by pumping in a liquid, in particular 
water, a hydrocarbon, and/or the mud present inside the well or the 
pipe. 

The fluid is raised to a high pressure, suitable for causing the 
membrane to expand and for pressing it firmly against the wall of 
the zone in question so as to close it hermetically in temporary 
manner. 

Once the investigation and/or repair operations have been completed, 
the membrane is deflated and the device is withdrawn. 

Naturally, it can be used again on a subsequent occasion for closing 
a new zone of the same well or the same pipe, or it can be 
transferred to another site into a new well or a new pipe in order to 
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perform the same function. 

As an indication, in an oil field application, the membrane is 
generally about 1 meter (m) to 4 m long, with an initial outside 
diameter (i.e. when the membrane is not inflated) lying in the 
range about 70 millimeters (mm) to 150 mm, and with a wall 
thxckness (when the membrane is not inflated) lying in the range 
about 15 mm to 25 mm. 

The material from which the membrane ; c m - 

xnemorane is made is generally natural 

or synthetic rubber. 

Appropriate installation of the membrane requires a relatively high 
mtemal pressure to be used, with a value, still by way of indication, 
lhat is usually about 30 mega pascals (MPa) to 40 MPa. 

During inflation, the wall of the membrane is thus exposed to very 
large forces, which run the risk of damaging it, or even of causing 
it to explode. 



reinforced, 



m conventional manner, such reinforcement is provided by at least 
one sheet of flexible strands, e.g. steel wires, embedded in the 
thickness of its wall, said sheet occupying a circularly cylindrical 
surface on the same axis as said membrane. 

In a known embodiment, a pair of concentric reinforcing sheets are 
provided, each made up of a series of parallel flexible wires (or 
cables), e.g. made of steel, wound helically at a long pitch (i e at 
a small angle of inclination relative to the longitudinal axis of the 
devxce), the wires in the two layers having angles of inclination of 
similar size but of opposite 




In a non-inflated membrane, this angle is initially about 15° for 
example; as the membrane is inflated the angle increases' and 
reaches a final value of about 35° to 40° . In elaborate devices at 
least one similar, third sheet (an auxiliary sheet) is provided 
dxsposed coaxially inside the other two sheets and made of wires 
that are finer and closer together than the wires of the outer (main) 
sheets. 
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The function of the auxilin™ oi^~~* • 

known ^ „ ^ ShCet 18 to °PP° se a phenomenon 

irr. " eXtrUSi ° n " - associated with the material 

conshtu^ the wall of the membrane creeping outwards under the 
action of very high internal pressure, which runs the risk of forming 
a hernia passing through the gaps between certain reinforcing wires of 
the mam sheets, and leading to the wall rupturing. 

That technique is relatively satisfactory, but it does not completely 
eUmrnate the risk of material being extruded or the corresponding risk 
or the membrane being deteriorated. 
™<= *™ tavenUon ^ to reso , ve ^ 

for me membmne that is suitabie for e*^^ 
practically eliminating such a risk. 

For this purpose, *e sealing device of the invemion includes at least 
one fiber Iay er, referred to as a .. fflter .. tayer> 

circularly cylindrical in shanf — 

car rn shape, and disposed concentrically, beina 

embedded in the thickness of the wall of ^ w - 

n-taffe*. , Wail ot membrane, inside 

relate to sard sheet of fickle sttands, said fitter !ayer possessing a 
stiuctirm that a.* as an anti- exmrsion barrier, adapted to Untit cteep 
of the material constituting the ^all of the membmne and to 
prevent « from passing outwards between tire reinforcing steands 
under the effect of the pressure generated by the inflation fluid. 
In a preferred embodiment, the device includes a. least one pair of 
Recent fiber layers, referred to as "filter- .ayets, whil a^ 
Ucew.se crmularly cylindrical in shape, and are disposed 
concentiically one inside the otirer, being embedded in the thioLess 
of tire wali of me membrane, inside relative to said sheet of 
flexrble stiands, said pair of filter layen. possessing a smtetum mat 
acte as an anti-extiusion barrier, adapted to Unfit c^ep of the 
matena, constituting the wall of me membrane and to prevent it 
from passing outwards between fire reinforcing stiands under the 
ettect of the pressure generated by the inflation fluid, 

fa addition, according to outer advantageotrs and non-limiting 
characteristics of the invention: S 
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parallel 



— j.v^xxj.ju^i^ a xieixx ox 
-ry long piteh, ta adirectton ^ ^ ^ a 

relative to fire axis of revolution of the membrane; 

- the fibers constituting ^ ^ ^ the same 
a-te angle relative to said axis of revolution of tire membrane, 
Out in opposite directions; 

- the acute angle formed by the fibers relative to said axis of 
revolution lies in the range 5° to 15=; 

- said fibers are made of a material having high traction sarengm, 
such as, m particular, fibers of aramid resin, carbon, or gtass; 

- said fibers are circular in section with a diameter lying in the 

range about 5 Mm to 20 Mm, andpreferably in the range lO Mm 
to 12 joxxi; 

- the pacing density of said fiber, in a cross- section plane is 
about 10,000 fibers per square millimeter C W) ; and 

- each of said filter layers possesses thickness of about 0.4 mm 
to 0,8 mm. 

Oarer characteristics and advantages of fire invention appear on 
teadmg fire following description of a preferred embodiment of fire 
invention. 



The description is made with reference *«, 

,„ . . reference to the accompanying 

drawings, in which Figures 1 +~ * S 

, . S i to 5 serve to illustrate an 



sealing 

*ose constituting the subject matter of the invention, Figure 6 to 
lO shpw a membrane that is mechanically reinforced in accordance 
-th the prior art; and Figures IX to 14 show a membrane 
presentrng the characteristics of the invention. In the drawings: 

- Figure 1 is a highly diagrammatic axial section view of a sealing 

device positioned inside a well or a«iV^ 

11 or a Pipe in a zone that is to be 
closed, ,ts membrane being still uninflated; 

- Figure 2 is a view similar to Figure 1, after inflation; 
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- Figures 3 and 4 are cross-section views showing the membrane 
before and after inflation in section planes referenced respectively 111- 
111 and rV-IV in Figures 1 and 2 ; 

- Figure 5 is a view analogous to Figure 2, showing a variant of 
the device,- 



fragmentary 



figures; 



r art type 
preceding 



* FigUrSS 8 ^ ^ are diagrams showing the angular positions of 
the reinforcing wires of said wall, respectively before and after 
ixiflation; 




lO is a view analogous to Figure 7 showing the 
Phenomenon of material being extruded, i.e. the phenomenon which 
the invention seeks to overcome; 

Figures 11 and 12 are views analogous to Figures 6 and 7 
respectively showing the reinforced wall of a membrane fitted to 

invention; and 

- Figures 13 and 14 are diagrams showing the angular positions 
of the fibers in the filter layers, respectively before and after 
inflation of the membrane. 

In FigUrS *' refe rence T designates cylindrical casing lining the 
inside of a well or a pipe, of axis 2^ Z\ 

Although the axis is horizontal ^ the figure, said axis could 
naturally present any other orientation, in particular it could be 
oblique or vertical. 

The sealing device 1 essentially comprises a support constituted by a 
pair of end washers 2a, 2b having a sleeve-shaped membrane 3 
disposed between them, said membrane being circular in section. 
The sleeve is made of a composite material comprising mechanical 
reinforcement embedded in a matrix of flexible and elastically 
deformable material, e.g. rubber. Its end portions are fixed in 
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leakSsht mannerto the washers 2a md 2b ^ close ^ ^ 
Conventional means that * r <=> i_ 

device i™H J ShOVVn SSrVe to move the 

aevice inside the tube T so as *r» 

with ffw. i so as to be able to position it in register 

with the zone that is to be closerf 

fluid ;„ „ w: , closed, and secondly to introduce a 

fluid m partlculara liquidj ^ ^ 

tubular membrane 3 via a channel 20 «w • - 
Purpose through one of the washeT(L) " 

It"! m FigUrS 2 > Where introduction of the liquid is 

7 ^ * ^ ~» ^eloped bv the liquid has 

™ ^ ~* - -at it 

presses firmly and intimately against the inside wall of the tube T. 

This provides the looked-for closure. 




this radial expansion, the membrane is observed to shorten. 
i-e. its two end washers snorten, 

simultaneous ,h ^ f t ° WBPds 0tfaer > 

simultaneously the thickness of the membrane becomes smaller. 



Its initial diameter JT>n f<?e<- T7t OT «^ on 
- . w ° (SSe Flgure 3) ^creases and its diameter D after 

inflation is about 1.5 xDo to about 2 x D G . 

In the variant of Fieri ire s . . 

tllH , „ , gUre 5 ' 1116 device also includes a central 

int^^ JTtTLI , r ounte,i ^ faflatton *** fa 

membmne " **> *e inside of fee 

membrane via radial holes 41 fh™^ 7 _ , 

mandrel Xh. * f through the wall of the 

leak^t maT ^ ^ 4 ° b ™ »~d to slide in 

shortening of the membrane while it is being inflated. 
As shown in Figure 6, the wall 30 of th^ 

reinforced. f *° membrane 3 is 

It has three sheets of flexible ^i^c « ^ 

thickness of Us wan. ' * ^ 7 - 

Each of these sheets occupies a circularly cyitadrical surface on me 
same ax,s as the membrane 3, i.e. on the axis Z-Z, 

By way of example, the wires S * -7 

me wires 5, 6, 7 are steel wires of circular 
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section. 



The inner sheet is made of wires 5 of * ^ 

wires o of diameter that is conc:r"Hp ra KK, 
smaller than the diameter of the win** * - 

sheet »„h *u tne wires 6 constituting the middle 

sheet and the wires 7 constituting the outer sheet. 

As an indication, tne diameter of the wires 5 is about O 5 mm 
-d the diameter of the wires 6 and 7 is ahout 3 mm ' 
In each of the reinforcing layers, the wires makingup the layer are 

one ano^er and they are wound helically around the longitudinal 

axis at along pitch. i e fl+ o „ 

relative to said axis. ^ ° f 

™ S e ^ referenCGd ^ ^ ^^aUy has a 

^ Lf h ^ example (i.e. when the membrane is not 

2T ; a rr T" 011 ^ «- increases Id 

-aches a final value a CFigure 9) of about 35° to 40°. 

As shown in Figures 8 and 9 the < 

an an^le ~r ^ 6 and 7 are inclined at 

an angle of substantially the same size Hi ,t ■ 

in nnrv,.^ SIZe ' Dutthe wires are oriented 

in opposite directions. 

The finer wires s +i 

wires 5 of the inner layer are oriented in a manner 
similar to the wires 7 ™f , a manner 

«m v, of the outer layer. From Figures 6 and 7 it 

can be seen that inflation causes the radius of 

„ prfiriri ^ ^_ me radius of curvature of the 

section of the membrane to increase and causes the «*,- i~ 
membrane to decrease saiH i~ thickness of the 

smaller value e ^ *"» * — ^ *> a 

- mendoned above, inflation also shortens the axial length of the 

ries'rr rr of *■ ~— « — - - 

wires to accompany the multidirectional def™™+; 

of the m^n-.T^^ . W1£U aetormation 

the membrane wall in which they are embedded. These wires 
oppose uncontrolled deformation of . 

^r^rr spactag — — — * ^ m ^ 
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The inner sheet of wires s tUa+ ^ 

— , but to opposes above-me^oned ZZZ? 
However it does not always achieve this successfully. 
This problem can be explained with reference to Figure lo 

- very ^ bemg about 40 MPa which ac* against its inside waU 

to nanTuT " " ^ StaUlte — * -P°se d to high tempen^um, 
= u,ar m on drilnng applealions, so me rubber tends to be 

therebv f~„- creep and is pushed outwards, 

«-eby ftnn.g a„ indention 301. This locaU^d thrust on the 

wit« ^ ^ °~ — 5 - — ap^ 

ti.smcreased spacurg propagating to tire neighboring v^H 

and creating a breach trough fee first sheet in a .one 3! of *e 

wall. Once the breach has formed, tire material can ™ « 

wepn „ - material can continue to 

progresses rapidly outwards, pushing apart in similar 

manner the wares 6 and then thewims 7 of the other sheets 

by ^ arrow E m F lg ute 10, ends up by causing the wall to ruptore 
and tire membrane to burst. rupture 

rpiZTTr* ° f *° faVena ° n WWCh * — «» <"*Sn™ i ca U y 
m Fagures 1 1 to 14 enables this problem to be solved. 

»-a be seen mat tire minfomement in tite wal, stiucture in «» 
example shown is identical to that described *™. . . 

sheete of wires 6 and 7. ^ compnsurg two 

However this disposition is not essential. 

wttit the invention, tire inner sheet ofwttes 5 has 
h^m^aced by a paar of adjacent fiber iayers 8 and o which are 
refencd to by convention as "filter. Jayens since their (unction is to 
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provide a filter barrier against the flow of ma+ - , 

the abo V e-e^ lained extrusk)n ° f ma±enal prevent 

carried through. Phenomenon being initiated and tben 

These filter layers are likewise circularly cylindrical in sh 
disposed concentrically one inside the ^IZ^TltjZ ^ ^ 
30 of the mexnbrane 3 mside J 0ther ^ embedded in the wall 
and7. ' d& reWe to *e sheets of wires 6 

constituting material between them 

ZZSZ. m " nd * o fcCT ^ a 

References 30, and 30« designate th. 

are resneeth^w • . , " S " ate * e P"™ of the wall 30 which 
~spectrvel y mtem^ md ^ fc ^ ^ g ^* 

The wires <>, 7 are embedded in the portion 30e whi ' 
bonded around me filter lay er » xj ^ ^ vvhrch porhon is 

— rcement is bonded to fc e mside^ ZTZJiZT " 
Each of the filter lavers R o • 

fine fibers SO or 90 ^LL , " " P °' am ** ° f ^ 

and forming a hIL of te «™ «— 

* ^ed Le re^J 0 ^ ^ ~ a direction that 
membrane ( see Figure 13) . ° f rev ° luU <» ^ of me 

The fibers SO and oo are inciined at the same acu, , 
similar angles, R, relative to ° Same acute angle or at 

membtane 3, but , -Jl_"f — of the 



directions 



™" angle Po advantageously lies in the range 5° to 

It is therefore considerably smaller than the an.de « 

and 7. angle ceo of the wires 6 

These fibers are made of a material that is both 

that presents high traction strength. ^ ^ 

As a particularly suitable material ™„ 

fiber. material, mention can be made of aramid 
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Tne fibers are preferably circular in section and of a diameter of 
about lO micrometers Oun) to 1 2 ^ If ^ flbeJS ^ 

ordered as seen in a cross-section plane, their packing density is 
about 10,000 fibers per mm2. tensity is 

As an indication, each of the filter layers S q 

thickness of about 0.4 mm to 0.8 mm. ^ * 

Xhe^flbers are .ong filaments grouped tegetirer in a plurality of flat 
bundles, formmg very fine (very thin) ships or strings wound 
hehcaHy one on another or one beside anotirer over me entire lengm 
of ttre membrane, so as to form each of the two filter layers. 
Because of their fitU i^ inclination Po, the fibers remain slack 
after ratual expansion of the perform which gives rise to an 
mcrease in the angle of inclination to an angle p (see Figure 1 4) 
They are not under tension, unlike the reinforcing wires 6 and 7. 
If the appearance of the extrusion phenomenon that is to be 

^ " r" - *" d ■ n " W ""^ *— an—, *e material 

constituting the wall portion 30, which is exposed to the high 

pressure and possibly also to high temperature tends to creep 
outward, However it comes against the fiber barrier constituted Z 
tite layer 8. Each fiber SO absorbs a fraction of the thrust and 
ti*™ * to the adjacent fibers. Because of tire high densfty of 
^ZfT m ^ 10 te to «— ' fl °~ <* materia, is 

between the fibers. !n addition, fts pressure drops because of the 
feme absorbed by tire fibers. Migration of material is thus braked 
very considerably, or even prevented 

The second layer 9 backs up the first layer 8, 



Z f d,SPOSiti <™ * ««»— ^ of these fibers, 

the radial forces exerted by me first layer 8 are distiibuted 
umfonnly over tire second layer 9 which absorbs mem in turn. 
Because of the crossed orientetion of the fibers 80 and 90, there is 
no or practically no risk of me fibers becoming spaced apart ftom 
one another in an axial direction leaving room for a hernia to fo™ 
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"~ 13 PreVented from Arming a breach therethrough 

2L l TT f ° r banier ^ ^ eflfeCt iS *- achieved THe 

outward thrust of material (from the „™« o« 

• M om me portion 30 ; to the cordon ^ 

*" strolled, spread out, and absorbed upstream bv^ t 
filter layers 8 and 9. upstream by the pair of 

There ^^diori, -o longer any risk of the rernxorcm* wire. * 
and then 7 becoming . . ^mrorcmg wires 6 




H - ^ mmg SpaCed from one another in an axial 

diction so as to leave room for a hernia to form. 



The wires 6, 7 are thus tree to perform to the full their role of 
wires reinforcing the membrane. Although the emh^r 
device de^K^ u ^ embodiment of the 

d vice described above possesses a pair of filter layers it would 
not go beyond the ambit of the, i™« ^ 

with a single fih- , invention to provide the device 

with a single filter layer, or with more than two filter layers. 
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